SUBSTITUTE SPECIFICATION 

DRIVING CIRCUIT AND DRIVING METHOD 
OF LIGHT EMITTING DEVICE 
* 5 AND OPTICAL COMMUNICATION APPARATUS 

BACKGROUND OF THE INVENTION 
[001]Field of the Invention 

[002]The present invention relates to a driving circuit and a driving method of a light 
10 emitting device such as an LED or a laser diode, which converts an electric 
current into light, and relates to an optical communication apparatus. The present 
invention particularly relates to a driving circuit and a driving method capable of 
being applied to a fast communication system. 
[003]Brief Description of the Related Art 
15 [004]Since a light emitting diode (hereinafter referred as "LED") as a light emitting 
device can be handled without difficulties and be obtained at an inexpensive price, 
it is applied to various optical communication usage including remote control units 
for electric appliances. However, due to a limited response time of the LED, it is 
difficult to apply the LED to recent fast communication systems such as the latest 
20 general purpose interface stipulated by IEEE1394 standard having a transfer rate 
of 400 Mbps. 

[005]FIG.6 is a circuit diagram showing a driving circuit for a conventional light 
emitting device as an example of fast LED driving circuits used for optical 
communication. In FIG.6, a reference character "Q11" is a logic driver IC, which 
25 outputs serial data to be transmitted as "high" logic voltage levels or "low" logic 
voltage levels. 
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[006]ln order to obtain a sufficient optical power from an LED 11, a driver IC with a 
high current power is employed as the logic driver IC Q11. For example a 
standard CMOS logic IC 74AC04 is employed. An output amplitude gained by the 
CMOS logic IC 74AC04 is nearly equal to a power voltage for this IC. This logic IC 
5 can be driven by a high driving current at a high driving rate up to a maximum of 
100 Mbps. Sometimes, a plurality of drivers are connected in parallel for 
enhancing the current capability. 
[007]Reference characters "R11" and "R12" in the drawing are resistances for limiting 
a current flowing out of the LED 11 during a light emitting period. In other words, a 
10 driving voltage Vcc is converted to the current by these resistances R11 and R12. 
A reference numeral "12" is a power source having a voltage of Vcc. 
[008]A reference character "C11" is a capacitor, and it is also called as a speed-up 
capacitor. A current flowing in the capacitor C11 at a time when light emission is 
initiated, is added to the driving current as a differential current of the original 
15 driving current so that a fast initiating step of the light emission by the LED 11 is 
accelerated. When the light emission is stopped, accumulated electric charge is 
added to the high logic voltage, which is applied to the LED 11 as a reverse bias 
voltage so as to discharge electric charge in the LED rapidly. 
[009]A reference character "R13" is a resistance to which a predetermined bias 
20 current is flowed even during an extinction period of the LED so that a starting 
period of the light emission is shortened. The above-described example of the 
driving circuits has a simple constitution, but it is a highly practical circuit such that 
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fast optical signals can be obtained. 
[0010]FIG.7 shows another example of the conventional driving circuits for the light 
emitting devices. In the drawing, reference characters "Q12" and "Q13" are 
transistors constituting a differential circuit. A resistance R14 is connected to the 
5 transistor Q12 and a bias voltage Vbias from a direct current voltage source 14 is 
applied to a base of the transistor Q13 connected to the LED 11. An accumulated 
current from the transistors Q12 and Q13 is determined by a constant current 
source 15. 

[0011] In this example since the transistors Q12 and Q13 are designed not to be used 
10 in saturation/cut-off regions, it is possible to drive the light emitting device rapidly. 
In stead of the bias voltage applied to the base of the transistor Q13, the transistor 
Q13 may be driven by signals with a reverse phase to inputted signals to the 
transistor Q1 2. 

[001 2] Further, the following ways to obtain fast optical signals by utilizing the LED 
15 are proposed. 

[0013] (1) A bias current or voltage is applied to the LED beforehand so as to 
reduce a delayed time before the light emission driven by a signal driving current. 
(See, for example, Japanese laid open patent Nos. 2001-326569, 2000-232240, 
2000-228543, 5-29655, 63-77172 and 60-180232.) 
20 [0014] (2) A differential component of an inputted signal is added to the signal 
driving current in order to emphasize a change of the current so as to raise a 
driving rate. (See, for example, Japanese laid open patent Nos. 2000-232240, 
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2000-299498, 11-74567, 11-40855, 10-242522, 10-65217, 9-148631, 7-122783, 

5-121783, 5-90642, 3-27579, 2-272778 and 58-137340.) 
[0015] (3) Electric charge is sucked from outside when the LED is switched off. 

(See, for example, Japanese laid open patent Nos. 2000-101047, 5-7144, 1- 
5 138766 and 64-5078.) 

[0016] However, conventional driving circuits disclosed in the above-referred patents 

have the following problems. 
[0017] With regard to the methods mentioned in (2) (referred as a "peaking method"), 

it is difficult to determine a time constant (for example a constant determined by 
10 values of R12 and C11 in FIG.6). It is supposed that a reason for such difficulty is 

based on ideas to improve transient changes by controlling emission /extinction of 

the LED, namely, by controlling on/off operations of the LED. In other words, since 

the differential current should be added by keeping the original driving voltage (a 

voltage level after a transient period by the peaking method), it is difficult to 
15 determine a proper time constan t. Becaus e because the time constant is 

restricted by a power source voltage, and by an operating rate and a performance 

of the driving circuit. 

[001 8] Since a response time (a transient time after started or a transient time after 
stopped) of the standard logic drive IC in the circuit shown in FIG.6 is around 5ns, 
20 an attainable rate would be at most 100Mbps (1 bit = 10ns). 

[0019] However a higher rate can be attained, when the driving circuit is modified into 
a driving circuit shown in FIG. 7. If transistors (including FET) in the logic driver IC 
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shown in FIG.6 operated up to in saturation/cut-off regions, are adjusted such that 
they are operated only in active regions, it is possible to attain a faster operating 
rate. 

[0020] However, since the driving circuit for driving the LED shown in FIG. 7 requires a 
5 current power source with two times capacity than that of the driving circuit shown 
in FIG.6, more power is consumed by the driving circuit. 

SUMMARY OF THE INVENTION 

1 0 [001] Embod i m e nt 1 by tho The present invention is carried out in view of solving the 
above-mentioned problems so as to provide a driving circuit and driving method ef 
for a light emitting device, and an optical communication system with a simple 
arrangement capable of reducing power consumption and obtaining optical 
signals with higher frequency components than a the cut-off frequency of the light 

1 5 emitting device. 

[002] The driving circuit for a li ght e m i tting d e v i co has a dr i v i ng un i t of the present 
invention has an output drive signal having a frequency response curve 
indicat i ng property which manifests an opposite property to a the frequency 
response curve of the light emitting device. 

20 [003] The above-mentioned driving un i t compr i s e s a pow e r outputt i ng typ e amp li fi e r 
having circuit in one embodiment comprises a power amplifier having an 
output signal gain curve which increases with a gradient preferably of ca. 
6dB/oct starting from the cut-off frequency of the light emi tting device. The 
amplifier preferably comprises a signal gen r ating unit for generating a 
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signal at a desired frequency and a current multi plier unit constituted bv a 

curr nt mirror circuit. 
[0041 A driving method for driving a light emitting d evice accordino to an 

aspect of the present invention comprises driving the li ght emitting device 
5 w||h a signal having a frequency response outpu t curve manifesting an 

opposite property relative to the property of the freouen cv response curve 

of the light emitting device. 
r0051ln a further aspect, the driving unit comprises a power amplifier having its 

output signal propert y manifested bv a gain curve increasing with a gradient 
10 preferably of ca. 6dB/oct starting from a cut-off frequency of the light emitting 

device. 

[006] And the amp li f ie r compr i sos a fr e qu e ncy generating un i t for g e n e r a ting a 
d e sir e d fr e quency and a curr e nt mu l t i p l ier un i t const i tut e d by a current m i rror 
c i rcu i t.A dr i ving m e thod for dr i ving a light e m i tting dovico bv In a further aspect. 
15 the present invention is arranged such that provides more enhanced driving 
circuits, driving methods and o ptical communication apparatuses capable 
of having higher frequency response s which provide relatively low power 
consumption. 

[007] The driving circuit for the light emitting device i s dr i ven by a dr i v i ng unit 
20 accordino to a further aspect of the present invention h as an output signal 
having a frequency response curve i nd i cat i ng oppos i t e manifesting a property 
opposite to a property of the frequency response curve of the light emitting 



6 



device. 

[008]The driving unit circuit, in a further aspect comprises a power outputt i ng type 
amplifier hav i ng whose output signal has a gain curve increasing with a 
predetermined gradient of ca. 6dB/oct starting from a cut-off frequency of the 
5 light emitting device. Furth e r th e present i nvent i on provid e s moro onhanood 
dr i v i ng circuits, dr i v i ng m e thods and opt i ca l commun i cation apparatus e s capab l e 
of having h i gher frequ e ncy respons e s by keep i ng pow e r consumpt i on at a l e v e l as 
i n e mbod i ment 1. The dr i ving circu i t for the li ght e mitting d e v i c e has a driving un i t 
hav i ng a frequ e ncy r e spons e curv e i nd i cat i ng opposit e prop e rty to a frequ e ncy 

10 r e spons e curve of th e l ight e m i tt i ng dev i ce. Th e driving un i t compris e s a power 
outputt i ng typ e amp li f ie r hav i ng a ga i n curv e i ncr e as i ng w i th a pr e d e t e rm i n e d 
grad ie nt start i ng from a cut off fr e qu e ncy of th e l ight e m i tt i ng d e v i c e . The amplifier 
comprises : a fr e quency a signal generating unit for generating a signal at a 
desired frequency; a current multiplier unit constituted by a current mirror circuit; 

15 and a discharge circuit for applying a reverse current distributed from the current 
multiplier circuit to the light emitting device. 
[009] The driving m e thod for th e li ght e m i tt i ng dev i c e i s arranged such that th e l i ght 
e m i tting d e vic e is dr i v e n by a driv i ng un i t. Th e dr i ving un i t compris e s a fr e qu e ncy 
circuit in one aspect comprises a signal generating unit having a frequency 

20 response curve i nd i cat i ng oppos i t e manifesting a property te-a that is opposite 
to the property of the frequency response curve of the light emitting device and 
having a gain curve increasing with a predetermined gradient starting from a cut- 
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off frequency of the light emitting device , and a powor outputt i na tvpo . The signal 
aen rating unit com prises a power amplifier having a current multiplier unit 
constituted by a current mirror circuit. A reverse current distributed from the 
current multiplier unit is applied to the light emitting device by a discharge circuit 
5 in a further aspect 

[0010]An optical communication apparatus by according to an embodiment of the 
present invention is equipped with one of the above-mentioned driving circuits for 
the light emitting device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[001] FIG.1 is a block diagram illustrating a rough const i tut i on of a n embodiment 1 

by pj the present invention. 
[002] FIG. 2 is a chart showing a relation between frequencies of inputted signals 

and outputs gained by the LED. 
15 [003] FIG. 3 is a chart showing a relation between frequencies of inputted signals 

and outputs gained by an amplifier. 
[004] FIG.4 is a chart showing a relation between frequencies of inputted signals 

and outputs gained by the embodiment of Fig. 1. 
[005] FIG. 5 is a circuit diagram showing a constitution of the driving circuit for the 
20 LED by e mbod i ment 1 . of the embodiment of Fig. 1. 

[006] FIG. 6 FIG.6 is the circuit diagram showing t he constitution of a 

conventional driving circuit for an LED. 
[007] FIG.7 is the circuit diagram showing the constitution of the another 
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conventional driving circuit for an th e LED. F I G. 7 is tho circu i t d i agram show i ng tho 

const i tut i on of the another convent i ona l driv i ng circu i t for the LED. 
[008] FIG. 8 is a circuit diagram showing a constitution of a driving circuit for th e LED 

by an LED ac cording to a second embodiment 2. 
5 [009] FIG. 9 is a chart showing a relation between frequencies of inputted signals 

and outputs gained by lh§ embodiment 2 of Fia. 8 when the LED is on. 
[0010] FIG. 10 is a chart showing a relation between frequencies of inputted signals 

outputs gained by embodiment 2 ©L Fia. 8 when the LED is off. 
[0011] FIG. 11 is charts showing gains of various portions the driving circuit by of the 
10 embodiment 2 of Fia. 8 in relation to elapsed time. 

[0012] FIG. 12 is a chart showing a light emitting eye pattern gained by of the 

embodiment of Fia. 8 2. 
[001 3] FIG. 13 is a circuit diagram showing a constitution of a driving circuit for the 

LED by an LED ac cording to a third embodiment 3. 
15 [0014] FIG. 14 is a circuit diagram showing a constitution of a driving circuit for the 

LED by an LED according to a fourth embodiment 4. 
[001 5] FIG. 15 is a chart showing a light emitting eye pattern by of the first 

embodiment 4. 

[0016] FIG. 16 is a chart showing a driving current waveform by of the first 
20 embodiment 4. 

[0017] FIG. 17 is a chart showing a light emitting eye pattern when an extinction ratio 
is raised. 
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[0018JFIG.18 is a chart showing a driving current waveform when an extinction ratio 
is raised. 

[001 91FIG. 19 is a schematic block diagram off a communication apparatus 

employing the circuit of the pre sent invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[001] Hereinafter embodiments by the present invention are explained as referring to 

the drawings. 
[002] [Embodiment 1] 

[003] The present embodiment is characterized in that the light emitting device is 
driven by an amplifier having a reverse gain property to a gain property of the light 
emitting device. Here an LED is employed as the light emitting device and is 
driven by an equalizing amplifier so as to equalize gained outputs of the LED. 

[004] FIG.1 is the block diagram showing the constitution of the prosont a first 
embodiment, which shows a fundamental constitution of a driving circuit for the 
LED arranged in an optical communication apparatus. The driving circuit is 
arranged such that a driving unit circuit constituted by an amplifier 1 and a 
current multiplier circuit 2- has a reverse gain property ££J to a gain property (GJ 
of an LED (light emitting diode) 3 in relation to frequencies (FJ of inputted signals. 
As shown the amplifier gain increases with frequency while the LED gain 
decreases with frequency. 

[005] The above-mentioned driving unit circuit is constituted by a power output typ e 
amplifier having a gain property with a gradient of ca. 6dB/oct incrementing from a 
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cutoff frequency fc of the LED 3. Further the driving unit is constituted by a 
frequency generating unit which generates signals at the desired frequencies, 
and the current multiplier circuit constituted by a current mirror circuit. 
[006] FIG.2 is the a chart of ga i n e d outputs by gain output of an LED used in a 
5 communication apparatus or system and showing a relation between frequencies 
[MHz] of inputted signals and relative §a4ns gain [dB; where a gain at 1MHz is set 
zero]. As already known, amplitudes of frequency response outputs of the light 
emitting device such as the LED are decreasing as frequencies of the inputted 
signal are increased due to a junction capacity of the LED. 

10 [007] A cut-off frequency fc is defined as a frequency having a relative gain of -3dB 
to an amplitude of a predetermined lower frequency (in this case 1 MHz). In the 
LED mentioned above the fc happens to be 48MHz (see FIG.2). 
[008] The relative gain curve beyond the fc decreases linearly with a gradient of 
ca.6dB/oct ca.-6dB/oct due to a time-lag of first order mainly caused by the 

15 junction capacity of the LED. In the present embodiment a decreasing feature of 
the relative gain curve is taken into consideration in order to improve frequency 
response outputs of the LED. 
[009] The above-mentioned feature can be regarded as a feature of a low pass filter. 
In other words, it is considered that the low pass filter is inserted in a 

20 communication path when the LED is employed in a communication system. 
Consequently, a maximum rate by of a baseband digital transmission is 
determined by a Nyquist frequency equation f N = 1/(2T) so that 96 Mbps is 



obtained as a maximum bit rate (a transmission rate). 

[0010JFIG.3 is the chart showing a frequency response curve of the amplifier by of 
the present embodiment. The frequency response curve of the amplifier basically 
has a feature characterized by a frequency response curve of a broad band 
amplifier, but it also has a feature of a high pass filter for cutting lower frequencies 
having a pole value (The junction of the horizontal par t of gain curve with the 
asymptotic line of th e sloped portion of the gain curve. \ of the cut-off 
frequency fc of the LED. However, applicable frequencies to the amplifier have a 
maximum freauencvr-so. A circuit constit ution and components of the 
amplifier are arranged such that the maximum frequency is set higher than a 
cut-off frequency of obtainable light for cutt i ng h i gh e r fr e qu e ncies by arrang i ng a 
c i rcu i t constitut i on and i ts components . 

[0011]FIG.4 is the chart showing a frequency response curve of gained outputs by 
the present embodiment. The frequency response curve in F I G.*! FIG. 4 is 
acquired T when the LED with the frequency response curve shown in FIG.2 FIG. 2 
is driven by the amplifier with the frequency response curve shown in FIG. 3. 

[0012]As being understood by the frequency response curve in FIG.4, the cut-off 
frequency fc is raised to a large extent from ca. 50MHz to 340MHz. As a result, an 
optical transmission apparatus having a rate of over 500Mbps can be realized by 
employing the LED. 

[0013] FIG. 5 shows the constitution of the a driving circuit of for the LED by of the 
present embodiment. In this drawing the same reference characters as in F I Gs.6 
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FIGs. 6 and 7 are assigned to the same components. A reference numeral "13" is 
a reference power source with a voltage of Vref. 
[0014] Input signals are applied to a base of a transistor Q1 via a resistance R1 . The 
present embodiment is designed so as to employ the so-called digital signals 
5 (pulse train) as a signal waveform, but signals employing a sine waveform as a 
sub-carrier can be also employable without difficulties. 
[0015]An equivalent circuit to the amplifier 1 in FIG.1 constituted by the transistor Q1 , 
resistances R1, R2 and R3 and a capacitor C1 is designed to transform a voltage 
into a current and at the same time to attain required frequency response 
10 characteristics. 

[0016]Transistors Q2, Q3 and Q4 constitute a current mirror circuit corresponding to 
the current multiplier circuit 2 in FIG.1. Currents with the same waveform as that 
of a current flowing in the transistor Q2, flow in the transistors Q3 and Q4 so that a 
gained current by accumulating currents in these transistors flows out of an LED 
15 11 corresponding to the light emitting device 3 shown in FIG.1. 

[0017]Thus since a current intensity with an integer times of the inputted current 
intensity is obtained by the current mirror circuit, the applying current intensity to 
the above-mentioned voltage-current transforming circuit (amplifier) is merely 1/ 
(the integer numeral) times of the current intensity flowing out of the LED 11. 
20 Consequently, power consumption by the driving circuit can be reduced. Ar4 
transistors Transistors with a low rated current such as a PNP transistor, which is 
said to be difficult to obtain of good performance, can be selected for the driving 
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circuit, as a result, the driving circuit can be manufactured at a low cost. 

[0018] In the present embodiment only two transistors are employed in the secondary 
side of the current mirror circuit, but the number of transistors in the secondary 
side can be increased without any problems, if necessary. 

[0019] Resistances R4, R5 and R6 are connected to respective emitters of the 
transistors Q2, Q3 and Q4 so as to compensate a dispersion among 
performances of these transistors. If a monolithic IC, which has a negligible 
dispersion among performances of transistors, is employed instead of these 
transistors, these resistances can be omitted. If a trans i stors transistor is a 
junction-type, an output stage is attained by the junction-type transistor by 
modifying its emitter size, so that an output current with any number of times of 
the inputted current can be obtained (the number is not limited to an integer). 

[0020] Since the output stage is constituted as the current mirror circuity a constant 
bias current can be flowed out of the LED 11 without difficulties, even when a 
signal level is at a LOW status. 

[0021]As explained above, the present embodiment enables an optical 
communication to obtain signals at higher frequencies than the cut-off frequency 
of the LED 11 and to attain faster optical communication with a simple 
arrangement and low power consumption. 

[0022] The light emitting device driving circuit having a higher transmission rate than 
the cut-off frequency fc of the light emitting device such as LED 11 or the like, is 
realized by the present embodiment. For example, the present embodiment 



14 



enables an LED having a lower cut-off frequency fc than 100MHz to roa li zo 
driv n bv a driving circuit mav be utilized for a fast network interface such as 
S400 stipulated by IEEE1394. A signal transmission, rate by S400 is 500Mbps 
(1bit = 2ns). 

5 [0023]As explained above, the present embodiment has the effect of enabling the 
optical communication to obtain signals at higher frequencies than the cut-off 
frequency of the light emitting device and to attain faster optical communication 
with the simple arrangement and low power consumption 
[0024] In a first embodiment 4 shown in FIG.5 FIG. §, the frequency response curve 

10 of the driving current for the LED 11 as the light emitting device and the frequency 
response curve of the emitted light show opposite properties (gradients) each 
oth e r. Th e amplifi e r i s to each other. The LED gain decreases and the driving 
current gain increases with an increase of frequency. The amplifier. 
constituted by the transistor Q1 hav i ng^ the resistances R1 to R3 and the 

15 capacitor C1 , has the opposite property to that of the light emitting device, the 
res i stanc e s R1 to R3 and the capac i tor C1 . A current generated by the amplifier is 
doubled by the current mirror circuit constituted by the transistors Q2 to Q4. And 
the The doubled current drives the LED 1 1 . 
[0025] FIG. 15 is the a chart showing the eye pattern acquired by the above- 

20 mentioned driving circuit. The eye pattern is formed by repeated displayed outputs 
of synchronized waveforms between two bits, when random digital inputs are 
added to tbj| input signals. The eye pattern is widely employed for evaluating a 
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tin performance of a digital transmission system. The eye pattern shown in 
FIG. 15 is the displayed outputs with a frequency of 500Mbps (1 bit = 2ns). 

[0026] In the eye pattern in FIG. 15, a minimum pulse width of the digital signal is 
called 1BT (1 bit time). Transmission quality is judged by a thfi size of an aperture 
5 displayed with a time span of 1BT. It is easier to judge a level and a timing during 
a period of demodulating inputted signals, when the larger aperture is acquired. In 
this case the transmission system is judged as a better system. 

[0027] Output levels H1 and H2 in FIG.15 are output levels of emitted light 
respectively obtained by H level (high level) and L level (low level) of inputted 
10 digital signals. 

[0028] The driving current waveform for obtaining the eye pattern as shown in FIG.15 
is illustrated in FIG. 16. A curve shown by a solid line is a waveform of the inputted 
current and a curve shown by a broken line is a waveform of the obtained emitted 
light. In the drawing, portions of a pulse with high frequency components, where 
15 the current pulse is steeply raised or steeply decreased, are illustrated 
e xaggerated l y exaggerated . 

[0029] Sometimes large sized eye patterns cannot be obtained, because of saturation 
in the amplifier caused by the added direct current components to optical signals 
from the light emitting device, depending on a performance of a receiver for 
20 receiving the optical signals. An extinction ratio (ER) is employed for indicating a 
performance of the optical signals, which are apt to saturate the amplifier. 

[0030] The extinction ratio is a logarithmic ratio of the H level (H1) to the L level (H2) 
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of the emitted light, expressed in decibel. Namely it is defined by the following 
equation. 

ER=10*log(H1/H2) [dB] 
[001] In order to reduce clipping distortions in the waveform of the emitted light 
5 caused by a raised extinction ratio, a measure to apply a reversed bias voltage to 
the light emitting device is proposed (for example Japanese laid open patent Nos. 
58-137340 and 64-5078). 
[002] However, the following problems still remain unsolved in the light emitting 
device driving circuit by the above-described embodiment 1 . 
10 [003] The eye pattern in FIG. 15 shows the satisfactory shape and communication at 
the rate of 500Mbps is judged to be executed without any troubles. However, 
sometimes it is probable that offset values of the waveform (of the emitted light in 
FIG. 16), namely, direct current components may cause troub le s problems . The 
extinction ratio of the eye pattern in FIG.15 is 2 [dB], which indicates the size of 
1 5 the aperture is not satisfactory. 

[004] An eye pattern is shown in FIG. 17, when a constant determined by resistance 
values of R1 , R2 and R3 in FIG.5 is adjusted so as to raise the extinction ratio by 
reducing direct current components. However, when compared with eye pattern in 
FIG.15, the shape of the eye pattern in FIG.17 is deteriorated such that double 
20 lines are observed near the H2 level and flat portions are not observed. 

[005] As described above, the following unsolved problem remains in the driving 
circuit by q£ embodiment 1: a satisfactory eye pattern is not obtained even when 
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the extinction ratio is set larger. It is because that the current mirror circuit does 
not function at the H2 level (the current waveform is clipped) as shown in FIG.18 
due to the reduced the amplitude of the direct current components for improving 
the extinction ratio. 

[006]Output values of the emitted light less than the H2 level in FIG.15 are outputs 
which do not carry any transmission information, but it is a required output level 
for a light emitting device of an optical communication system. As a result, it is 
difficult to reduce power consumption of the driving circuit further. 

[007] An operating status in the driving circuit during a period when the light emitting 
device is off, is a point to be considered, when the extinction ratio of the light 
emitting device is raised. As mentioned above, it is a well known fact that a 
measure to apply the a rovors o d a reverse bias voltage to the light emitting 
device is an effective way for attaining a rapid response of the light emitting device 
when the light emitting device is off. 

[008] Embodiments described hereinafter can attain applying methods of the 
reversed bias current to the light emitting device by a simple way without 
sacrificing a circuit integration by ICs in view of the feature characterized that the 
output stage of the current mirror circuit employed in embodiment 1 , has a high 
impedance value during a period of a low output current. 
[Embodiment 2] 

[001] FIG.8 is the a circuit diagram showing the constitution of the driving circuit by 
of embodiment 2, where a feature of the driving circuit for an LED 1 is illustrated 
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in the same way as shown in FIG.5. In the drawing, a reference numeral "2" is an 
input terminal ef for receiving driving signals, a reference numeral "3" is an 
added current output terminal, reference characters "C1" to "C3" are capacitors, 
reference characters "R1" to U R4" are resistances and reference characters "Q1" 
5 to "Q8" are transistors. 

[002] FIG. 9 is the chart showing frequency response curves when the LED is on. In 
the chart a frequency response curve of the current in LED 1, a frequency 
response curve of the emitted light from the LED 1 and a frequency response 
curve of the emitted light after the peaking treatment (which will be explained 

10 below), are depicted. FIG.10 is the chart showing frequency response curves 
when the LED is off. In the chart a frequency response curve of the capacitor C3, 
a frequency response curve of the emitted light from the LED 1 and a frequency 
response curve of the emitted light after a discharge treatment (which will be 
explained below) are depicted. 

15 [003] Hereinafter, operating functions of the driving circuit shown in FIG.8, are 
explained as referring to (a) to (g) in FIG. 11. 
[004] (1) Peaking current waveform generating part 

[005] An inputted digital signal (driving signal) having a waveform as shown FIG. 11 
(a), is converted to required current amplitude by the transistor Q1 . The current 
20 bias (direct current component) and a frequency dependent current component 
gained by the capacitor C2 and resistance R3 are added to the converted current. 
Here the capacitor C1 functions as a coupling capacitor, which separates the 
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inputted signal from the bias voltage in the transistor Q1 functioning as the 
amplifier. The resistances R1 and R2 function as voltage dividing resistances 
which determine a bias voltage applied to a base of the transistor Q1. Together 
with the resistance R3, the resistances R1 and R2 also determine the direct 
current component supplied to the transistor Q2. 
[006] The driving current is overlaid with a differential component of the driving 
current by the capacitor C2 and the resistance R3 so that a frequency dependent 
driving current waveform is determined (this procedure is called a peaking 
treatment). A relation among the cut-off frequency fc of the LED 1 used as the 
light emitting device, a capacitance C of the capacitor C3 and a resistance value 
R of the resistance R3 is roughly expressed by the following equation, 
fc = 1/(2tt x c x R) 

[001] (2) Current mirror part 

[002] Transistor Q2 and transistors Q3 to Q5 constitute a current mirror circuit so 
that a current flowing in the corr e ctor collector of the transistor Q2 is tripled and 
outputted as the driving current so as to drive the LED 1. A waveform of an 
outputted current Id is illustrated in FIG. 11 (b). Clipped portions are observed in a 
low current region of the current waveform. 
[003] (3) Current distributors ^ 
[004] The transistors Q2 and Q6 constitute a current mirror circuit functioning as a 
distributor, where the inputted current to the transistor Q2 is outputted from the 
transistor Q6. In the same manner, the transistors Q2 and Q8 constitute a current 
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mirror circuit functioning as other anoth r distributor, where the inputted current to 
the transistor Q2 is outputted from the transistor Q8. 
[005] (4) Current-voltage conversion part 

[006] The outputted current from the current mirror circuit constituted by transistors 
5 Q2 and Q6 (a corr e ctor collector current of the transistor Q6) has the same 
phase as the above-mentioned current Id and an outputted voltage is dropped by 
a resistance R4. As shown in FIG. 11 (c) and (g), a corr e ctor collector voltage Vc6 
of the transistor Q6 is low when the emitted light level is high (H1) and Vc6 is high 
when the emitted light level is low (H2). 
10 [007] In other words, the current mirror circuit constituted by transistors Q2 and Q6 
functions as a current-voltage converter. Here a resistance value of the R4 is set 
as high as possible so that a larger voltage change can be obtained by the 
corr e ctor collector current of the transistor Q6. 

[008]A transistor Q7 functions as an emitter follower. A lower voltage by Vbe than 
15 a base voltage of the transistor Q7 is obtained with a low impedance at the 

terminal 3 (see Vc8 in FIG. 11 (c)) between the base of the transistor Q8 and 
the emitter of the transistor Q7. 
[009] (5) Discharge circuit 

[00 10] A current with the same phase as the current Id, flows in the corr e ctor 
20 collector of the transistor Q8 as flowing in the transistor Q6. Since the flowing 
current to the corrector collector of the transistor Q8 is the outputted current of 
the current mirror circuit, it functions as a constant current source, which varies in 
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accordance with the inputted signal. A sink current value when the emitted light 
level is H1 is larger than a sink current value when the emitted light level is H2. 
[0011] In other words when the emitted light level is H1 a larger portion of the current 
sinks into the transistor Q8 so that the corr e ctor collector voltage Vc8 is lowered 
5 (an impedance value between the corr e ctor collector and the emitter of the 
transistor Q8 is low). At this stage the output voltage of the transistor Q7 is low so 
that it effects to the corr e ctor collector voltage Vc8 in the same direction as the 
current which sinks into the transistor Q8. When the emitted light level is H2 a 
smaller portion of the current sinks into the transistor Q8 so that the corr e ctor 

10 collector voltage Vc8 is not lowered too much (an impedance value between the 
corr e ctor collector and the emitter of the transistor Q8 is high). 
[0012]While the output of the transistor Q7 is at the high voltage side, the voltage 
Vc8 is raised. By combining the above-mentioned (4) current-voltage conversion 
part and (5) discharge circuit, when the emitted light level is H1, the low 

15 impedance voltage is supplied with a reversed phase to that of the emitted light, 
and when the emitted light level is H2 the high impedance voltage is supplied. 
[001 3] In the present embodiment, the driving circuit has the reverse frequency 
response curve to the frequency response curve of the LED 1 functioning as the 
light emitting device. The driving circuit is arranged as a current output type 

20 amplifier constituted by transistors Q1 to Q8, having a frequency response curve 
increasing from the cut-off frequency of the LED 1 with a predetermined gradient. 
The current output type amplifier has a frequency generating part constituted by 
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the transistor Q1, the capacitor C2 and the resistance R3, a current multiplier part 
including two current mirror circuits constituted by the transistors Q2 to Q6 and the 
discharge circuit constituted by the transistors Q7 and Q8 for supplying the 
reverse current distributed current from the current multiplier part, to the LED1 . 
5 [001 4] The above-mentioned discharge circuit has the a terminal 3 for outputting the 
distributed current and the capacitor C3 connected between the terminal 3 and a 
cathode of the LED 1 . A power source Vcc having fluctuations in its voltage or 
impedance, synchronized with the driving current Id for the LED 1 . 
[001 5] As mentioned above the capacitor C3 is connected between the terminal 3 

10 and the LED cathode for outputting the corr e ctor collector current of the 
transistor Q8 and the cathode of the LED 1 as of the light emitting device. If the 
capacitor C3 is omitted, the cathode voltage Vc4 of the LED 1 indicates an almost 
constant voltage lower by a forward voltage drop Vf of the LED 1 than the power 
source voltage Vcc. The cathode voltage Vc4 fluctuates a little, even when the 

15 emitted light level is changed from H1 to H2. In other words, from the high 
frequency viewpoint, the cathode voltage Vc4 of the LED 1 is positioned nearer to 
a virtual ground side than the capacitor C3 so that the voltage hardly changes due 
to the constant low impedance state. 
[001 6] Hereinafter a voltage VC3 applied to the capacitor C3 and a current flowing in 

20 the capacitor C3 (see FIG. 11 (e)) are explained. 

[0017] When the emitted light level is H1, a voltage of (the power source voltage -Vf) 
is applied to the LED 1 and a low voltage is applied to the opposite side (the 
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corr e ctor collector side of the transistor Q8). In this state, the capacitor C3 is 
charged by a voltage difference between two voltages (the voltage VC3 is at a 
plus side in FIG.11 (d)). 
[001 8] When the emitted light level is H2, the corr e ctor collector voltage of the 
5 transistor Q8 is rapidly raised to Vc8H. In this state, since the charged voltage of 
the capacitor is not changed, the voltage of the capacitor at the LED 1 side is also 
rapidly raised. Consequently, a voltage of [Vc8H + (power source voltage -Vf)] is 
generated at the cathode of the LED 1 , so that a current flows in the LED 1 in a 
reverse direction i.e. in a minus direction (see FIG.11 (f)). 

10 [0019] In the present embodiment, since an a PN junction diode is supposed to be 
employed as the LED 1, the reverse current flowing to the PN junction facilitates 
extinguishing internal carries charges (discharging internal electric charges in the 
LED 1) which are contributing to the light emission. In other words, the PN 
junction LED can attain r e duc i ng reduction of the rise time of the light emission. 

15 [0020] As shown in FIG.11 (e), edges in a current response curve of the capacitor C3 
are emphasized and a frequency response curve of the current in the capacitor 
C3 is set as shown in FIG. 10. (If a capacity of the capacitor is too large, a gain 
pole of the current shifts to a lower frequency side so that a required eye pattern 
cannot be obtained.) 

20 [0021]As mentioned above, When the extinction ratio is set larger, the frequency 
response of the driving current determined by the capacitor C2 is effective when 
the light emission is started, but the frequency response does not function when 
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the light emission is stopped due to the clipped driving current Id of the LED 1 . 
[0022] However, the above-mentioned problem is solved by flowing a current to the 
capacitor C3 as in the present embodiment, since the differential current is added 
to the driving current for LED 1 when the light emission is stopped (emitted light 
level is H2). 

[0023] In other words, when the light emission is started, the peaking treatment can 
be performed by the capacitor C2 and when the light emission is stopped, the 
peaking treatment can be performed by the capacitor C3. This is very effective 
when a light emitting device having different characteristics in starting and 
stopping the light emission, which means precise adjustments can be made by 
setting constant determined by capacitors C2 and C3 so that this feature is 
particularly very effective to optical communication apparatuses. 

[0024] The charged electric charge in the capacitor C3 is partly used for extinguishing 
the internal carr ie rs charges in the LED 1 and remaining portion of the electric 
charge is absorbed by the corr e ctors collectors of the transistors Q3 to Q5 and 
discharged therefrom. 

[0025] When the emitted light level is H1, the corrector collector current of the 
transistor Q8 is raised rapidly due to the peaking effect by the capacitor C2. On 
the other hand the corr e ctor collector voltage of the transistor Q6, namely, the 
emitter voltage of the transistor Q7 4 electrically connected to the transistor Q6 via 
an emitter corr e ctor collector linkage, is decreased rapidly. 

[0026] In other words, the voltage at the transistor Q8 side of the capacitor C3 is 
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rapidly lowered and the capacitor C3 is started to be charged by the constant 
current source of the transistor Q8. Since the charging current has the same 
phase and same frequency response property as the current Id and the capacitor 
C3 is virtually shorted from the high frequency viewpoint, the current Id is 
5 increased in proportion to a current intensity to the corrector collector of the 
transistor Q8. 

[0027]A rising response of the light emission of the LED 1 is improved a little bit by 
inserting a path constituted by the capacitor C3. Therefore, the extinction ratio is 
enhanced and power consumption of the driving circuit can be reduced by a 

10 simple method. 

[0028] FIG. 12 is the chart showing the eye pattern of the LED 1 with a bit rate of 
500Mbps obtained by the present embodiment. An LED having the cut-off 
frequency fc of 85MHz is employed as the LED 1. The obtained extinction ratio is 
5 dB and the eye pattern shows satisfactorily wide apertures. 

15 [0029] A smaller light emitting unit with low power consumption for an optical 
communication apparatus, can be realized for an optical receiver which does not 
require a high extinction ratio, as the same optical amplitude being kept. In 
addition, the present embodiment can improve the rising response of the light 
emission through the current peaking circuit constituted by the capacitor C2 and 

20 the resistance R3 and setting response of the light emission through the discharge 
circuit constituted by the capacitor C3. 
[0030] Thus, the rising response and setting response of the light emission can be 
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adjusted separately. For example, a light emitting device having different 
properties in its rising response and setting response can be adjusted separately 
so that eye pattern properties of the emitting device can be improved more. 
[0031] In the present embodiment, the current mirror circuits are utilized in various 
ways so as to keep the number of parts at a minimum level, which can suppress 
the size of the driving circuit to a certain scale. 
[Embodiment 3] 

[001] FIG. 13 is the circuit diagram showing the constitution of the driving circuit for 
the LED by embodiment 3 of the present invention. In the drawing the same 
reference character as in FIG. 5 refers the same component. 

[002] In the present embodiment the signal with the same phase as the current Id 
and the reverse current is applied to the LED 1 at the time when it is off in the 
same manner as in embodiment 2. A different feature from embodiment 2 is that a 
switch SW1 turned on/off by a synchronous circuit 4 is connected to the corr e ctor 
collector of the transistor Q8. 

[003] Inputting signals to the synchronous circuit 4 can be sampled from inputting 
signals of the whole system (not shown in the drawing) or a part of the system. A 
transistor, an FET or the like 4 can be employed as the switch SW1 . 

[004] In the present embodiment, the power source for the whole circuit is utilized as 
a power source with low impedance for raising a voltage applied to the capacitor 
C3, which stores electric charge for a reverse bias current. When the emitted light 
level is H1 , only the corr e ctor collector voltage of the transistor Q8 can lower the 
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voltage at a terminal of the capacitor C3 connected to the transistor Q8. 
Consequently, a capacity of the capacitor C3 is determined such that enough 
electric charge for the reverse bias current can be charged by the corr e ctor 
collector current of the transistor Q8 during the minimum pulse time, 1 BT. 
5 [Embodiment 4] 

[001] FIG. 14 is the circuit diagram showing the constitution of the driving circuit ©f 
for the LED by in embodiment 4 of the present invention. In the drawing 4 the 
same reference charact e r characters as in FIG. 5 refers |q the same compon e nt 
components . 

10 [002] In the present embodiment, the frequency response of the LED 1 as the light 
emitting device is improved only by the discharge circuit. In other words, a 
transistor Q9 is added in parallel to the transistor Q8 so as to enhance a charging 
ability of the capacitor C3, namely, so as to raise a differential forward current to 
the LED 1 . Wh i l e th e The capacitor C2 for the peaking treatment employed in the 

15 embodiment 2 is eliminated. 

[003] In the circuit illustrated in FIG.14, differential currents in both forward and 
reverse directions are applied to the LED 1. The applied current intensity in the 
reverse direction to the LED 1 is the same intensity as in embodiment 2. Here a 
current waveform is converted into a voltage by the resistance 4, and the 

20 transistor Q7 constitutes a buffer amplifier. 

[004] The following features of the present embodiment are different from 
embodiment 2. The transistor Q9 is connected in parallel to the transistor Q8 
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functioning as the current source for the current mirror circuit so as to lower a 
difference in the two i mp e danc e , impedances, one is an impedance between the 
emitter of the transistor Q7 and the corr e ctor collector of the transistors Q8, and 
other is an impedance between the emitter of the transistor Q7 and the oorroctor 
5 collector of the transistor Q9. Thus the time constant of the capacitor C3 during 
charging and discharging can be adjusted. 
[005] The resistance R4, the capacitor C3 and a resistance R5 adjust a differential 
current intensity. In order to raise an employable frequency limit of the LED 1, a 
voltage amplitude applied to the capacitor is adjusted by the resistance R4. In this 
10 case, a cut-off frequency fc is determined in the following equation, when a 
capacitance of the capacitor C3 is designated as C and a resistance value of the 
resistance R4 is designated as R. 

fC=1/(2TTxCxR). 

[001] Consequently, differential currents with symmetrical waveforms in forward and 
15 reverse directions flow in the LED 1 used as the light emitting device. Here lh§ 
frequency response curve of the LED 1 in both cases when the LED 1 is on and 
off, show the same pattern as illustrated in a thick broken line in FIG. 10. Thus, the 
same effects as in the previous embodiments can be attained in the present 
embodiment. 

20 [002]|n Fl a- 19- optical co mmunication apparatus 10 includes two 
communication stations 12 and 14 for transmitting and/or receiving optical 
communication signals transmitted over mediu m 28. The stations 12 and 14 
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include a first transmission system comp rising optical transmitt r 18 fin 
station 12) and optical receiver 22 fin stati n 14) and associated circuits. 
The transmission medium 28 mav be fr ee space or anv other medium 
suitable for transmission of light si gnals as known in the optical 
communication art. Station 12 includes input-output circuits 16 coupled to 
optical transmitter 18. which corresponds to the circuit of Fio. 1 or other 
embodiments described herein . Transmitter 18 includes an amplifier- 
current multiplier 30 correspon ding to the combined amplifier 1 and current 
multiplier 2 of Fio. 1 and an LE D 32 corresponding to LED 3 of Fio. 1. for 
example. Multiplier 30 and LED 32 form an optical signal drive circuit as 
described above. The light signal emitted bv the LED 32 is transmitted 
through the medium 28. Station 14 includ es a conventional optical receiver 
22 for receiving the light sig nal from the LED 32 and for converting the 
optical signal to a n electrical signal, also as known in this art. The receiver 
22 applies the received signals to conven tional inout-outout circuits 24 for 
further processing bv apparat us not shown. 
r0031Qptional transmission system ^surro unded bv dashed lines) is identical 
to the system comprising transmitter 18 and re ceiver 22. but in reverse 
relationship to stations 12 and 14. System ^includes an optical transmitter 
26 in station 14 and an optical receiver 20 in station 1 2. Transmitter 26 mav 
correspond to the drive circuit 1 of Fig. 1 or to t he other embodiments 
described herein. The receiver 20 appli es the converted received optical 
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signals to the input-output circuits 16 for further processing bv circuits not 
shown. In this wav the stations 12 and 14 ma y or vide one wav or two wav 
communications, as desired. 
[004] The driving circuit of the present invention. Th e pr e s e nt invention relating 
5 to the driving circuit for the a light emitting device employed in the an optical 
communication apparatus, afe Js widely applicable to systems where optical 
signals with have higher frequencies than the cut-off frequency of the light 
emitting device. 

[005] As explained above, the present invention attains the following effects. The 
10 extinction ratio is raised by the simple method and at the same time the power 

consumption in apparatuses which employ the light emitting device by according 
to the present invention, is lowered, as keeping the high frequency optical 
waveform more enhanced than the original frequency response curve of the light 
emitting device. 
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[006] 

What is claimed is: 

1. A driving circuit for a light emitting device, wherein: 

said driving circuit has a driving unit having a frequency response curve 
indicating opposite property to a frequency response curve of said light emitting 
device. 

2. The driving circuit for said light emitting device according to claim 1, 
wherein: 

said driving unit comprises a power outputting type amplifier having a gain 
curve increasing with a gradient of ca. 6dB/oct starting from a cut-off frequency of 
said light emitting device. 

3. The driving circuit for said light emitting device according to claim 2, 
wherein: 

said amplifier comprises a frequency generating unit for generating a desired 
frequency and a current multiplier unit constituted by a current mirror circuit. 

4. A driving method for driving a light emitting device, wherein: 

said light emitting device is driven by a driving unit having a frequency 
response curve indicating opposite property to a frequency response curve of said 
light emitting device. 

5. The driving method for driving said light emitting device according to claim 
4 wherein: 

said light emitting device is driven by said driving unit comprises a power 
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outputting type amplifier having a gain curve increasing with a gradient of ca. 6dB/oct 
starting from a cut-off frequency of said light emitting device. 

6. The driving circuit for said light emitting device according to claim 1, 
wherein: 

said driving unit comprises a power outputting type amplifier having a gain 
curve increasing with a predetermined gradient starting from a cut-off frequency of 
said light emitting device, wherein: 

said amplifier comprises: 

a frequency generating unit for generating a desired frequency; 
a current multiplier unit constituted by a current mirror circuit; and 
a discharge circuit for applying a reverse current distributed from said current 
multiplier unit to said light emitting device. 

7. The driving circuit for said light emitting device according to claim 6, 
wherein: 

said discharge circuit has a capacitor connected between a terminal for 
outputting the distributed current from said current multiplier circuit and said light 
emitting device, wherein: 

a voltage source having fluctuations in its voltage change or impedance 
synchronized with a driving current of said light emitting, is connected to said terminal 
for outputting the distributed current. 

8. The driving method for said light emitting device according to claim 4, 
wherein: 
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driving said light emitting device by said driving unit comprising: 

a frequency generating unit having a gain curve increasing with a 

predetermined gradient starting from a cut-off frequency of said light emitting device 

and 

a power outputting type amplifier having current multiplier unit constituted by 
a current mirror circuit; and 

distributing a reverse current from said current multiplier unit to said light 
emitting device by a discharge circuit. 

9. The driving method for said light emitting device according to claim 8, 
wherein: 

said discharge circuit has a capacitor connected between a terminal for 
outputting the distributed current from said current multiplier circuit and said light 
emitting device, wherein: 

a reverse current is applied to said light emitting device from said capacitor. 

10. An optical communication apparatus equipped with a driving circuit for a 
light emitting device specified in either one of claims 1, 2, 3, 6 or 7. 
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ABSTRACT OF THE DISCLOSURE 



A driving circuit for a light emitting device keeping its excellent eye pattern by 
improving an extinction ratio and reducing power consumption, can be provided by 
arranging the following way. The driving circuit has a driving unit having a frequency 
response curve indicating opposite property to a frequency response curve of the 
light emitting device. The driving unit comprises a power outputting type amplifier 
constituted by a transistor having a gain curve increasing with a predetermined 
gradient starting from a cut-off frequency of the light emitting device. The amplifier 
comprises a frequency generating unit constituted by a capacitor and a resistance for 
generating a desired frequency, a current multiplier unit constituted by a current 
mirror circuit comprising 7 transistors and a discharge circuit for applying a reverse 
current, which is distributed from the current multiplier circuit, to the light emitting 
device. 
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